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EXPERILENTAL INVESTIGATION OF IMPACT IN LANDING ON WATER*

By R. L. Kreps

The cxtent of agreement of the theoretical impact
computations with the actual phenomenon has not as yet
been fully clarified. There is on the one hand a certain
imperfection in the theory (simplifying assumptions nade)
and on the other an insufficiency in the experimental data
available. The object of our present paper is te show
how far test results agree with the available approximate
computation methods, to investigate in greater detail the
physical nature of impact on water, and to perfect the
experimental methed of studying the phenomenon.

It is shown that the vertical immersion of a freely
falling body of a given shape is determined by the nondi-—

. gB m
mensional parameters v = 7 2 and p = i (where B 1is

0

a characteristic dimension; g the acceleration of grav—
ityy Vo, the velocity of the body at impacty m, the
associated mass; M, the mass of the falling body). For
a shorply defined impact having the weight of the body
equal to the aerodynamic force, as is the case in the
landing of seaplanes, the impact phenomenon may be deter—
mined by only the nondimensional parameter e

For the analysis of the obtained experimental results
the fundamental impact computation formulas are given.
The experimental proccdure is described and the accuracy
attained indicated. The tests were conducted on a number
of different shapes: a disk, a disk with aperture, a
wedge or V shape, and a2 wedge with slots. The results
of all these tests showed a deviation of the test curves
of the ratio of velocities before and after impact from
the corresponding theoretical results computed by the
formulas of Wagner. The reasons for these deviations is
explained by the failure to take into account in the
equation of motion of the body during impact of the weight
of the body and the resistance of the water.

*Reoort No. 438, of the Central Aero—Hydrodyramical Insti-
tute, lioscow, 1939,
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The tests on the V shapes indicated a considerable
decrease in the discontinuous velocity change cduring
impoct with increasing wedge angle.,

m the theoretical investigations it follows that
ence of even a small slct on the surface of the
body sharply reduces the magnitude of the associated mass

t« The dropping tests conducted on a slotted V
shane aund on a disk with aperture did not show for thess
bodies any corresponding decrease in the impact velocity
chanse, The experinmental determination, however, of the
associanted mass of the various bodies with openings gave,
in connlete agreement with theory, a considerable decrease
in the 2ssociated mass of tiiese bodies as compared with
sinilar bodies without cpenings. An analysis of these
facts 1is given which leads to the conclusions that in a
numter of cases the discontinuous velocity change on
impact is not with sufficient accuracy determined by the

v 1 '
usually accepted formula — = ————, It may be assumed
Vo 1 + p

that by taking into cccounti the resistance of the water
the agreement of the experimental results with the theory
would be considerably improved.

INTRODUCTICH

The problem of the vertical landing of a rigid body
on a heavy incompressible liguid 1is of interest from the
point of view of a number of practical applications. The
mathenatical solution of this problem (on the assumption
of tie nonturdbulent character of the resulting motion)
redices to that of finding a velocity potential o,
which satisfies the Lanlace enunation 4p; = G for the
following bouudary conditions:

On the free surface:

o 1
- 0 atl -5 P wi® — Y y, =D (1)
where
e is the.density

wy; the velocity of the liquid on the free surface
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Along the wetted area of the body:

22 =y (2)
= Vq
on, 1
where V is the projection on the inner normal to the

ni
surface of the body of the velocity of immersion,

At infinity:
(wyde =0 (3)

To obtain the law of motion, it is necessary to
integrate the ecuation (the body is assumed to. have a
translational downward motion)

av : '
My TE} = M8 *‘/-(Pl - Po>dsx (4)
S

where

¥; is the mass of the imnmersed body

V., wvelocity of the immerscd body

Py — Pe the excess pressure on the surface of .the body

dS¢ projection of an element of the wetted surface on
horizontal plane

and to find all the magnitudes of interest (forces, veloc—
ities, pressurcs, etc.). Because of the existence of a
number of mathematical difficulties, however, this problem
has not received an exact solution, These difficulties
are due chiefly to the unsteady character of the motion of
the fluid when tho body is immerscd, the nonlinearity of
the conditions on the free surfacc, and also the presence
of flow phenomcna and spray formation lcading to discon—
tinuous motions. Thec impossibility of solution of the
complete prodlem of the immersion of a body makes it neces—
sary to consider individual approximate cases,

The simplest scheme to consider is that of the impact
of 2 rigid body on the surface of water (reference 2).
Impact represcnts, as is known, a limiting case of motion
with instantaneous change in veclocity (velocity discon-—
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tinuity). Thus from the physical point of view the sub-—
stituting of the immcrsion process by impact and hence by
a velocity discontinuity in placc of a velocity change
leads from the mathcmatical point of view, to a simplifi-—
cation of the conditions on the free surface and thore—
fore to a simplification in the detcrmination of the
velocity potential ;. Thus, since the pressure on the
free surface is finite, the impulsive pressure (Pt )
along this surface is cqual to szcro t

Ot

pt = 1im f pldt = -pcol =0 (5)
1
p)
and for the determination of the velocity potential D,

in the limiting case of impact the following boundary
conditions obtain:

On the free surfacc: ©®; = 0
0w,

On the surface of the body: =—= = Vn
8n1 1

In the solution of the problem of imprct of a float-
ing body as also in general in the mathcmatical Investiga~
tion of the phenomcnon of impact itself, the infinitely
larze forces are naturally recplaced by impulses (references
3 and 4),

From considerations of thc impact phenomcnon of a
floating body an approximatc solution of the problem of a
continuous nonstationary motion during immersion of a body
in a liguid was first obtained by Wagner (rcfecrences 5 and
5)e As a basis of this solution it is agsumcd that for
very sudden. lmmersion of the body the motion of the liquid
at cach given instant.of time may bc considered similar
to that arising from the impact of the corrcsponding float-
ing vody. Wagncer, morecover, takcs into consideration the
fact that in computing the forccs acting on the immcrscd
body it is nccessary to take into account the inercasc in
the wotted arca of the body duc to the motion of the fluid,
This is done by the introduction of a function giving the
ratio of the velocity of iamersion to the rate of irecrcasec
of the wectted arca., The valuce of this function depends
csscntially on the shape of the immerscd body,

For tac solution of thc problem of immersion of a
wedzo-shapo body with small kecel angle (a shape which is of
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interegt for snaplahns) Wagner assukes that at each given
instant of time the flov arising from the immersion of the
body will be identical with the flow due to the impact of
a flat plate of width equal to the wetted width of the
body under consideration.

Note that all present methods of computing the land-
ing of seaplanes on water are entirely tased on the ideas
brought®oat in the theory of Wagner (reference 7). The
correspondence of the theoretical computations with the
real phenomena of impact are not as yet entirely clear,
since on -the one hand there is a certain imperfection in
the theory (simplifying assumptions made) and on the other
hend the experimental data available at the nresent time
d. not permit of drawing the required final conclusions.
At the ssme time the substitution of theoretical impact
computations for exverimental investigations appears very
attractive, In particular, it 1s erssentially possible to
compute the impsct of the schomatized contours of the
sterp portions of flcats. Gansrally, the results of towing
t~sts on investigeted sections are made the basis of the
choic~ of contours. The rrosults of these tests on the
hvdrodynamic qualities of the section give no indication,
howraver, of its "impact' properties. The poussibility of
supplrmenting the towing tests by an analysis of the sec—
tions frem the impact point of view would facilitate the
problem of a rational cholce of the shapes of huls and
floats.

As has elready been pointed out, together with the
theorrtical investigations of the problem of the imnmersion
of rigid bodies 1n an imcompressible liquid, experimental
work has been carried out in determining the forces acting
on the impact. 4 large part of all these impact tests 1is
devoted to full scale investigation of the airplane, in
particular, toc the study' of the loads, deformations and
pressurss (r~ferencers 8 to 17).

These tnsts have been ovccasioned by the urgent reguire-—
ments of practice, dut provide no estimate of the cdegree of
accuracy of the theory because of the presence of a large
nuaber of factore that complicate the phenomrnon (slasticity
5f th~ structure, thrre—dim~nsional character ¢f the phr-
nomrnon, wave formation on the water surfacr, landing condi-
tions, rtc. ). Sprecial laboratory investigations suitable
for cumnerison with the theory are frw in number, Of these
mav he mention~d ths work of A. Puvitsky (rnference 18) at
CAFI and of Watanahe (reference 19) in Japan.



o) NACA Technicazl Memorandum No, 1046

L very interrsting picture may be obtained of the fgll
¢f a body on wetor and the Trsulting motion of the liquid
undrr laboeratory conditicns with the aid of a high-speed
movir camrra. At th~ sawr time, a quantitative presentation
togrther with the purely gualitative picture of the phernom-
~non, 1is udbtainerd of the interval of immersion up to the
rdges of the bodr. The high—sperd pieture obtained in 1937
at CAHI (ref~rence 18) of the dropping on water of various
budies (wedgn, disk) showed that thr length of the immer-—
sion interval of thesr budies is very small and, in cortain
cas~s, is given in thousandths of a second (the duration
;f the impact depends uvn the weight and the initizl vrloc-—
ity as well as on the shepe of the body). The data thus
obtained indicets that it is fundamentzlly permissible to
regard the immersion of the bodiers as an almost instantan-~—
ous process. With the aid 2f the vhotugraphs hers shown
(figs. 1 and 2) the successive strps in the imuersion of
therss bodiers can be followed.

The objrct of the prosent paper is to clarify the cor-—
rospond~nce of the terst r-sults with those of the available
ccmputational methods and alsu to verfect the exmerimental
methods for studying th- impact of a body on water.

TQUATICWS OF IMPACT O "JATER A”D BASIC COIPUTATIONAL FORHULAS

The rxact rguation (in nondimensiovnsl form) free fall
of & rigid bvody on the surfacs 9f water will be given. The
given characteristic magnituders are the veolocity of fall of
thr hody 2t the initial instant of immersion V., the width
«f the budy B, and the density of the liquid p. The
nondimensional magnitudes will bhe introduced with the aid
of the formulas {(rrferesnce 20}

3
x, = Bx; ¥yi1 = By; t = o T 1 = VuBrp
(6)
3, 2
My = pB My py — p, = pV, p; V, = v,V
The boundary conditiovns (1) and (2) assume the form
1 .
-— wz + _a..f _UY = O R (7)
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e
3n * Tn (8)

whrrrs v, egual to gB/Voz, is the reciprocal of the
Froude number,

The equation of motion of the immersed body in non-
dimensional form becomes

LAV
h—d—? = MV — P (9)
where
1 T
pBV, v
S
The nondimensional magnitude P depends on Vv = gB/VO2

and V(7)) — that is,
P = PIV(T), V]

Thus
ud¥ - wv — B(V(T), V] (10)
dt

From equation (10) and conditions (7) and (8) defining
the motion of the ligquid, it follows that in the fall of a
rigid body on water the motion of the water and of the body
is characterized by the twu constants:

gB i
Vo= ¥3 (rrciprucal of Froude's number) and I = Eﬁg

v}
(mass confficisnt). Hence the immersion of geometrically
similar bodirs will be dynamically similar if the condition
of constancy of the numbers Vv and M is satisfied. For
the impact phenomencn, which is characterized by a rapid
change in velocity, the accrlerations of the body and of
the water particles will bhe very large. In this case 1t 1is
permissidles to neglect also the weight, and for dynamic
similerity it is sufficient to satisfy the cunstancy of the
mass cu~fficient.

In the londing of & seaplane on water the weight of
the latter balances the arrovdynamic 1ift forece of the wings,
tut the weight of the water does not essentially affect
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the disturbed motion of the water because of the small
depth of immersion and the displacement of the liquid par-
ticles. Fur this rerason, it is permissible in the given
case to consider the immsarsion phenomenon as determined
only by the mass curfficient. In thuse cases where the
rffaegt of the number v is nergligibly small, the follouw-
ing conclusicn is justifiesd: The expressions of all non-
dimensional magnitudes assvciated with impact on water as
functions of the nondimensional time T may contzin as
paramerter only the mass corfficient. In particuler, all
asymptotic values of the nondimensional magnitudes depend
only un the mass coefficient M, and not on the Froude
numbsar, and therefore also on the initial sinking veloclity
V,. This theoretical conclusicn ig confirmed by tests

the results ¢f which will bhe presented in what follows.

In the application tu a very sudden nonstationary
imzersion the ragction of the water at each time instant
may be assumed a&s given hy (referecnce 5)

d .
at (mV) (11)

whera
v velocity of body
m assoclated mass
(The magnitudes aTe here dimensional.,)
If the assoclated mass during the immersion of the
body is at each instant essumed equal to the assoclated

mass for the wetted porticn of the body, then counsidering
only the reaction of the water, the equation may te written

av d ,

m =~ — (V) (12)

at at -
whence

7.
V = —— (13)
1 +

where
v initial velocity

o
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Bo= - a nondimensional. cuefficient of which the wvalue
M for a choracteristic immersion may be taken
as a basic parameter instead of the mass coef-
ficient

The dynamic character of the phenomenun is partly
tak~n into account considering the truer wetted area which
is inereas~d by the avtion of th» displaced liguid.

For the case of a V—shapr body of very emall V angle
the associnted mass 1is taken equal to the assuvciated mass
of a flat plate (refereonce 3)

no= % pc2l | : (14)

This expression may, however, be nade som-what more accu-—
rate. Since under real conditicns a body of definite V
angle and finite length—tu—width ratic is being dealt with,
iE is necessary to introduce a correction for the V angle
(5,) and finite aspect ratio (£.). The first of these is
based uvn the exact solution of the »wroblem of impact of a
V shave (refersance 2):

(S BN B |
2 tan B \ 2 Tf/ Tl’/ ‘
£ (5) = 248 e 1 (15)

=]
N

N

where

I'(x} Tuler function
For small V angles this correction wmay be written in
a more simple form:

g (16)
1)

E1=1"‘

The correction for finite aspect ratio £ obtained
by Pabst as o result of analysis of ecxperinmentsal data ob-—
tained in tests on a flat plate is (referrnce 20)

7 . l/
to0) = —2 {1~ 0.425 RS (17)

R Ty e/
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< 0.7, +the correction becomrs

For small values of A = %?

E. =1 -1 (18)
2
The final formula for the associated mass .f a V shape is

t hus

szlilE;} (19)

£
I
of 3

wherre B = 2¢, the entire width of the body.

It may be shown that for two dimensicnal symmetrical
bodirs 5f slightly curved keel the derivative of the in-—
mrrsed depth with respect to thr wetted half width is con-—
nect~d with th~ shapr uf the body by the intagral relation

x
. u(c)de
y(x) = /’ ———mm—e (20)
’ x

wheTa
dh

u(C) = EE

c wottrd half—width
h depth of immersion
v(x) equation of cross—section of »ody

For v(x) = x tan B (straight keealed wotton) u(c) =
a tan B = cunstant — that is, brcause uf the moution of the
n

water the watted surface of the wedge Wecomes g times as
large. To the increas~d wetted width uvf the wedge there

m .
corresponds the depth hp = 5 h (fig. 3). For the interval

of immersicn in impact
" c

"

%
1 [ 1
t = — (1L + p)dt = — (1 + plude (21)
V.o Vo .
[o]
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Fior a wedge

1+ L) (22)
J

3 |i—

/
Vo \

If it is assum~d that in the imuersion of a wedge
up tuv its geometric boundaris~s, 1t is also acted upon
by the resistance force Jf the water kV=2

wheare

Cp
k = —= pS

> p
CD resistance couefficient

2
P drnsity, Eg_ﬁag_
i

3 wntted arra

the nguation of moution assuurs the forn

d

k =2
- T vT] = - =
I %(1 + )V = v (23)
and the verlucity
- v, '
Vo= s (24)
(1 + p)i*s
whare
5 2 Cp tan B
S
n

C
Thus, in taking intov account thre resistance tgp SVz'

tha rrsult .is formula (24) instead of formula (13). If

it is ossun~d that OCp = 1.28 for a budy with suall v
angl~ (this value courrespsnds to data of asrcodynanic tnsts);
then %= (.815 tasn B.
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INPACT ToST PROCEDURE

Measurement Accuracy

The iupsct tests were based on the pricedure worked
out ~arlier at the CAHI (reference 21), which consists
cesontislly of finding the discontinucus velucity change
‘uring impect. According to formula (13) for the ratic
f the velucities bef.re and sfter the impact V/VO

_Vv_ = ._..__];_._
V:» l + “’
where
p=
M

The direct test procedure with sur wodificstions nmay
be desgserited as follows:

Cn the sbject test=d (fur example, a wedge (fig, 4)) a
vaertical supp:irt is mounted to which in turn are attached
at certain intervsls two mlectric lamps fed by a 24—volt
stsrage battery., The test c¢bj-ect is suspended by a string
or thin rcepe osver pulleys to a beam located on the surface
of th~ water. An adcditiosnal rupe is attached, serving to
raise and fix the budy at the given height., In addition
t. checking the vertical position of the budy above the
horizontal water surfsace, =z . cereful countrcl is reguired of
the horiz.ntsl pusiticn -f the budy as & wh:le, This
chock is nade with the aid :f tws levels situated on the
upper surface -f the body,

In carrying cut the tests a 2— by 3— by l-neter tank
was enployed the superstructure of which permitted raising
the testad sbjeet to a height of 2.25 nmeters, The body
was releascd by cutting the suspensicn ropes. The motion
¢f the fnlling bidy — that is, uf the light socurces — was
filmrd by a photographic cawmera having in front >f its
cbjrctive 2 sletted disk rutated by an electric mot.r,

The rotating disk gave a series of short str-kes on the
fila for the wmotion of the lizht scurce instead :f a con-—
tinucus 1§no.(Soe fige 5.) Froum the lengths of these
strckes and the distsance brtween them the falling velcocity
of the body for vericus instants of time could be easily
detoruined as £51l1luws:

Knuwing the speed of the rotating disk (the rotaticnal
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sprrd uf the motur is fixed with the a2id Jf an attach~d
tachoneter) and the nuniber of slots 1in the disk,the tiue
int~rval can b~ found betweren ths recurding .f two suc-—
crssive str.kes. The paths traversed by the light sources
can alsu br epasily deterazined by neasureumrnt on the filn
¢f thr distance betweern the strikes with a subsequent
reduction of these umagnitudes tov the true values of the
distances fallen by the body. The lengths on the filnm are
tnegsured with the aid of a speciel rrading couparator giv-—
ing a nagnification of 10 tiue~s. Since the negative has
the traces of two lanplight sources, by finding the dis—
tances between the latter and knowing the true pusition of
the lamps cn the body, the mezsure is obtained for the
full-scale computation of the data Jbtained on the filn,
From the photugraphs obtained,the distances and falling
velucitiess of the boedy can be deterained,

La

V 2 ———— neters per sncund' (25)
At
where
l distancr between lamps on photograph
L actuzl distance bretween lanps

distance traversed by light sovurce in a given tiue
interval (on the filmn)

jood

At tine interval reading
v true velocity of wmoticn of boudy

Each object with definite load is tested for various
dropping heights — that is, for various initial inmpact
veloelties V.. Fur cowputing the ratio -uf velocities
befar~ and after iapact V/VJ a diagramn 1s constructed
of the falling velocities of the body for each interval
of time At. ZEecause of the sumallness of this interval
there are usually constructed nst the instantaneous velcec-—
ities as a function of the timr but the distances traversed
by the b2dy in these tinme intervals and the velocity ratio
V/VO is computed as the distance ratic a/ao befure and
after impact for the same tinme interval At. From the
analysis of one film record, a series of increasing
values of a are obtained corresponding to the increase
in the velucity of the body falling in air; then a few
values of a corresponding tov certain mean values of the



14 NACA Trchnical Mewourandum No. 1046

veluecity at the instant of iupact; and finally a series
of values of a corresponding to the velocity of inmer—
sivn with swuall acceleration (fig. 6).

To dertermine the veloucitinss directly befoure and after
impact, the prucerdures is as foelluws, Two straight lines
ar~ drawn betwren the points corresp.nding ts the motion
of the body in the air and the points courrespunding ts the
slow iumizersion in water and throughtthe interusdiate puints
a line is dreawn intersecting the first two lines, The
points of intersectioun thus obtained deteruine (with a
certain degrees of appruoxinsation) the required velocities
V. and V_. It is quite clear that the smaller the cut—
off time 1lnterval the unore accurately it is pussible to
~stablish the beginning and the end .f ths iwupact, and
hence the velocity ratis V/V_.

Conputing the dursticn of the inpact by the fourzula

2h 4 e
t = 22 Kl + 22 (26)
wVJ 3G /

(where G is the weight T the wedge in kg) for the wedge
with angle 5¥40' f.r velues f B frow 4.66 to 2.33 and
initial velocities V , frow. 3 tu 5 meters prr seccnd, the
duration of tha ivpact was “btained as 0.003 t. 0.0068 sec—
ond. As uay be seen frou foruula (26) the time t  dr—
creases with increase in the weight G and the initial
velzeity V,. An atteupt was .zde therefure to uvbtain rec—
.rds of the distance traversed by the bidy in time inter—
vals cunsiderably less than those indicated,. In our exper-—
iments the cut—uff time interval was equal to 0.00166 serc—
.nd (in some tests it extended to 0.006 sec). The limit-—
ing sige _.f the tine interval is given by the distance that
it 1s pussible t. soparate the suzll strikes correspounding
to the motlon of the lamps wn the phutugraphic film, To
increasrs the scalr Jf the str.kes and the intervals between
them, 1t was nrcegsary to use ph.otographic apparatus of
disnensions 40 by 5C centiueters., A further decrraso in
the cut—<uff tiue interval reguires the develupment of spo-—
cial apparatus for recording the nmotion of the falling
budy.

In councluding the descriptiovn of the ~rxperinental
prucedure for the impact ~xperiments, the questiun of thn
accurecy in the velucity determination will be cunsidered.
Th~ erruors are those involved in filauing the falling body



NACA Tochnical Memorandunm o, 1046 15

and reading the recurds. The first depends essentially
on the unif.orwmity .f rotation of the camera disk: in
other words, wn the eguality of the tine intervals be-
twren the passage of two neighburing slits of the disk
in frunt of the Jubjsetive. The calibration of the film
recsrd indicates that the ~rror due to the nenuniformity
of the disk rotatiun does not exceed 0,5 percent.

Tha accuracy in the comiputation of the velucity
change nay in turn depend .n tw. factors:! namely, on the
accuracy of the measureuent £ the lengths Jf the strokes
vn the filin and on the accuracy of drawing the lines on
the velucity diagraun, especially the intersecting straight
line. The accuracy <f measurement of the lengths depends
.n the accuracy in reading the comparator apparatus and
on the persounal errrors Jf the experimenter,

The accuracy possible with the couparator used was
rqual to 0,001 wum. The personal errore are due mainly to
the difficulty in deteruining the start of the stroke on
account of the blurring of the e~dges,

The best method fur ~stinating the subjective errors
is a secund reading of the ssue filw record. According
ts check readings the deviation in magnitude of a measured
length does not excend 3 percent, but usually it fluctu-
ates within the linits of 0,5 to 1 perrcent.

The errors in the determination of V, and V will
now be considered. The maxiium error in the determination
,f the instant of start of inpact (i.e., the point of in-—
terseaction of the upper straight line with the sccant)
cannot be greater than the tiue interval At., Since up to
th~ instant of inmpact, the motion, roughly speaking, is
that of a freely falling budy (V, = V* + gt, where V*
is the initial velocity), if the mean value of the interval
At = 0.003 second, it is found that for the tine interval
1/2 At = 0,0015 second the boudy develops the additional
velucity AV = 9.81 x 0,0015 = 0,015 neter per second.
This absulute arrur dues not depend on the value Jf the
initial velocity. If it 1s remenbered that 1in the tests
the velocity before iupasct V, varied within the range of
0.8 tu 8 umetars per secund, the values of the maximun rela-—
tive error is found to lie within the linits 2 to 0,2 per—
cent.

This computation of the errours again confirms what
has been stated above — namnely, that with decrease in the



16 WACA Technical MHewnorandum No., 1046

cut—uff interval there is an inerecase in the accuracy of
determination of the veloscity change in iwpact. The error
in conputing the veluclity after imprct V — that is,; the
luocation uf the puints of intersection with the lower
straight line — 1s very suall (of the urder of 0,5 percent)
"since at the start of the inmmersion with small accélera-—
tion the velouclty of the budy changes very slowly (the
straight line 1is very slightly inclined froum the horizon—
tal). ' '

R~suming the abuve discussiun with regard to the
accuracy in ths determination of the veloeity ratio V/V,,
it may be stated that the method described assured an accu-—
racy within the limits of 1.5 te¢ 4.0 percent,

T%STS WITH THE DISK

One of the objects selected in the investigation of
the impact phencomena for a body dropped on water was a
disk, the latter being a shape for which an accurate the—
ocretically computed expression for the associate® mass
(m = 4/3 x p r3®, where r is the disk radius (reference
‘8)) is available. The disk was of aluminum and had a
diameter D = 0.5 meter and thickness h = 7 millimeters.
The tests were conducted for two weights of the disk (dif-
ferent loadings per unit area) G = 8.1 kilograms (u =
1.33) and G = 15.66 kilograms (p = 2.56) within the range
of initial velocities V, from 1.25 to 7.25 meters per
second,

From the test results it appeared that the test curves
sbtained for the velocity ratio V/V, for the disk do not
coincide with the corresponding curves computed by the for-
mula

il

v
Vo 1L+ u

the test values of V/V_, up to a certain value of Vg
Yeing greater than the theoretical (fig. 7).

Fur the disk under consideration for G = 8,1 kilo—

erans, the ccaputed velucity ratio %L = 0.281 and for

.

= 0.429: The experinental values

[<

G = 15.66 kilograms

o
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for the first weight change from %L = 0.345 to %L =
o] v o]

.24 and f£nr the second weight frem — = 0,51 t>

v Vo

- = 0.,34.

Vo

Ls may be seen from the above figures, the differ-
ence between experiment and computation shows up particu—
larly sharply for the larger weight of the disk. Thus,
judging by the test results, it may be concluded (in
corresponédence with theoretical investigations (ser sec—
tion 2)) that the velocity ratio V/V, for small initial
velocity and large weight depends on the initial velocity
of impact V., as well as on the mass of the body. Accord-
ing tc the theory of Wagner, however, the velocity ratio
V/V, does not depend on the initial velocity.

In the mrquation of motion (leading to formula (13))

_ .. av 4

of the falling body, i — = — —— (mV), no account is
dat dt

taken either of the effect ~f the weight of the bedy (Hg)
or of the resistance of the water during the immersion
which may be taken approximately proporticnal to the square
cf the velocity kV2 nor of the ~ffect of the hydrostatic
pressure of the water YSh. These magnitudes, in particu—
lar, the first two, have an ~ffect on the velocity change
during impact.

The approximate eguation of motion of the body with
the above Torces taken into account 1is

Eﬁﬁ?arﬁly = llg — kV2 — ¥sh (27)
whero - EE o
2
Cp resistance corfficient
S wettrd area
o) density of liquid

h depth of immersion
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With thr aid of equatiecn (27) the results of the
trsts on the disk ar~ analyzed and also the reasons for
th~ divergrncer brtween the experimental and theoretical

curve of v against V is is seen from equation (27),
(o]
enly ths weight assiste in the fall ef the body, the
other forces eoxercising a resistance to the motion.
First to be ‘considered is what happens at small initial
velocitics of impact V,. Since the velocity before the
start of impact is assumerd small, the third term of the
rquation kV2 will not have a large value while the
wright (iig) does not depend on the velocity and its pro-
portional effeet in the eguation will be very large. The
wright incereasers the velocity after impact V; hence for
small initial velocitiers V, the ratio V/V, should be
grrater than the value that would be obtained from the

o

. . v
computation according to the formula - = —-l~—. The
Vo 1 +p

hydrostatic pressure 7YS8h 1is a sufficiently small valuer
and does not appreciadly affect the force balance.

The above analysis r~xplains to a considerable extent
the ecxperimental results obteinrd. As has already teen
pointed out, for small velocities up to V, = 3 meters
per second, the experiumental values of V/VO increrase and
brecome larger than the corrssponding theoretical values
of V/V, (fig. 7). If the vrlocity before impact V, is
large, the verlocity aft~r impact has a relatively large
value and hence also the water resistance kV2 in the
force egquation has a considerable valus. The weight ilg,
as has bern vointed ovt,do~s not depend on the velocity,
so that its proportional rffect in equation (27) decreases
as the term kV2 increasens. In other words, with increase
in the force at the start »f impact theres is an increase
in the retarding ~ffect of the water and therafore a de—
ecrrase in the velocity after impact, so that ther~ is a
drcrerase in the ratio V/V,. It is also clesr from figure
7 that starting with the velocity V, £ 3 meters per sec—
ond tha test curves of V/VO against V., drop btrlow the
corrrsponding theoretical curves, especially for the
weight G = 15,66 kilograms,.

The ~ffect of thr weight of the body in decreasing
V/Vo may be explained by the fact that with increase in
the mass 1 the velocity of immersion of the body in the
watsr immrdiately after impact increases, which in turn
brings atout an increasse in kV2 — that is, a retarding of
the motion and a decreas» in the velocity after impact.
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If the change in velocity is considered according
to the theory of a rigid body, the graph of these veloc—
itiers as a function of ths time would have the apperarance
of the full curve in figure 8. Actually, however (for
large initial velocities V), bty taking acccunt of the
term kV2 the veloecity change obtained is that shown by
th~ dotted curve (and the velocity after impact is not
~qual to V but to a smaller value V).

On the basis of the rercord of the motion »f the
disk on impact and the high—speed photograph of the fall
of the disk on the water it may be concluded that the
process of impact d0oes not ~nd at the instant the disk
mak~s contact with the surface of the water as is assumed
in the theoretical computation (not taking account of the
affrct of kV2 and Mg) but somewhat later — that is,
after the disk has bren imumrrssd in the water to some
drpth. By the ~nd of the impact procrss is merant that
instant at which the change in velocity becomes very
slight. The nsffsct of the water resistance kV2 on the
velus of the velocity after impact V depends on the
procass of immersion of the disk, the motion of the body
bering given by equation (27).

To check the offrct of the differsnt forces entering
the eguation »f mntion on the velocity, the change in the
velneity ratio as & function of the initial velocity for
various combinations of theso forces (the terms of the
~quation) was computed. (Sem figs, 9 and 10.)

In computing thn Vﬂlocity‘aftar impact Vz; it was
assuard that the initial velscity Vi, = ———— . The dura—

tion of the impact on the basis of the test curves was
chosen as rqual to 1.5 times the cut—off interval At,
since, judging by these curves, the process of rapid
change in velocity occcurs within onr to two intervals At,

Th» change 1in Vg/VO as a function of V_  was com—
puted for six combinations of the acting forces for
At = constant = 0.016 second. (Ses figs. 9 and 10.) Fron
curves I and II (fig. 9) it follows that the hydrostatic
forces have a small ~ffect on the value of the ratio V/Vo.
As may be seen from figures 9 and 10, 211 the curves o0b-—
tainerd in tsking sccount of the weight Mg for small
initial impact velocities pass above the straight line

Vo = —meeeee— . For large velocitias with the resistance kV?
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taken into-account 211 thr curves pass below this straight
lin~. The trst points for th~ disk of weight G = 8.1
kilograms lies closest to thr curves obtain~d from the
~quations

v v
i gi = M{;‘ -_— kVe and It -9-—— - Mg — kVa — o E-Y
dt dt dt

For the weight G = 15.66 kilograns the test points fall
alnost exactly on the curve sxprerssod by the equation

av ..
I 3T ° lie - kV2, As has baen not~d, 211 the curves aras

3

constructed for the time interval 3/2 At = 0,016 second.
If the computation interval is taken less than 0.016 s~c—
ond, all the theroretical curves aspproach each other and
deviate from the test points,

If it is assum~d that the motion of the disk on impact

. o av 2 av
is rxpressed by the rguation K —; = Mg — kV — m T’ the
d

vnanlocity of immersion of the body as a function of the
depth of imwersion may be represent~d in the form

/
p2% 14+ £V, ®

1
Vo= . 1 (28)
n? f
whrre
0.6pSh
g - 2:eSh
Mg
. gfh

? = 1 + p

h depth of imuersion
v velocity r impact (without taking account of the

o af t
1 2
term kV

fa)
\
/

On the other hand, if the velocity of the body V is
known, its depth of imimersion can be determined:

h =f e (29)
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Taking the test values of the velocity after impact

V and bv~fore impact V, and computing Vol by the
v

fornula VOl = I—fL; vierlds the corresponding depths of
immersion of the body on impact. Thus, for erxample,
there is obtained in the disk tests for Vg = 2.18 ueters
per socond and Vg4 = 5.89 meters per second the valur
V°1 = 2.53 and the depth of inmamersicn” h = 0.046 zserter —
that is, the impact ~nded after the body was immersed 46
millimeters in the water, Measurement on the film of the
distance between the last stroke corresponding to the
motion of ths body in the air and the stroke corresponding
to the start of motion of the disk in the water (the im—
psct interval) gave the depth of inmwersion h = 40 milli-
metors, a result which confirms the above computations.

From thes erxpressisn for the velocity (obtained from

the ~rquation of moticn E— = —

V = 1 (30)

th~ duration of the iupact is found

ML+ p)(V, — V)
t = (31)
kVV,
1

For the initial impact veolocity of the disk V., =
5.89 netrrs per srcond the duration of the iupact t =
0.019 srmrcond; this tiue interval is close to that chosen
in our computations.

In conclusion, it w2y b~ stated that by taking into»
account the resistance kV2 and the weight Mg the the—
oretical computation of the velocity ratio V/Vo may be
izade to agree more~ closoly with the experimental results
obtained.
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TESTS ON STRAIGHT V SHAPES (WEDGES)

The tersts on wedges werr~ undertaken with several
objrets in mind. It was first of all desirable to check
whether thr conclusions drawn from the tosts on the disk
as rergards the necrssity for taking into account the
resistance force kV2 and the weight Mg were applicable
to geomertric bodies heving a shapr siuilar to the steps
on the bottoms of seraplanes. £ wedg~ may be considered
such a tody and may be taken to represcnt a schenatized
model of the botton of & seaplanr float., For a body of
this shove the theoreticrl zrthod given by Wagner (refer-—
ance 5) is available,

It was nrcessary t»~ explain the 1liuits of applica-
tility of thers~ computations for various values of the
initial paraunrterrs. In tha wedge tasts there was also
invrstigated ths offect of tn~ V angle on the iupact
velociticre =nd ther~ was also chacked the ~ffect of the
k72 and the g terms on the velocity ratio V/V, for
various V angles.

Thr choice of V angle ig of considerabls importanceo
in designing thr contours of the sraplan~, since a proper
choicr way assure good landing charesctrristics without
disturbing the nor:ial planing conditions. All tests on
thr wndgrs wers cnnductrd in accordance with the procedure
described in section 3 of our present paprr. The niniaum
tiue interval At attainrd in these tests was ~qual to
0.0C166 s~cond. Thks wedge Qdirnsions ware: 1length 1 =
150C wny, width b = 300 awy height h = 15 mm; V angle
g = 5940!'. The wedgr was constructrd of textolite and
for greater strength an aluninuw sheet of S—iiilliurtar
thicknrss was attached to the upper surface.

According to the statistical data collected in this
investigation, it wuay be rsti.ated that the magnitude
B = 2 in the landing c¢f a full-scale seaplane fluctuates

»

approximately within the liaits of 0.3 te 3., Correspond—
ingly the tests on the wedge were conducted for the four
values of g =2s follows:

W= 3,43 p o= 2.33; o= 1; p = 0.468

From the same staoatistical data it follows that the veloc—
ities normzl to thr seraplasneobottom in landing fluctuates
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within the liszits of 2 to 10 .eters per second. (These
velociti~s arr of fundniental importance in the iapact
and corrrsponéd in our tests to the vertical velocity br-
for iumpsct Vgy.) If it ias assume~d that the width of bot-
ton serlecterd by us is on the averege ono—fifth as large
rs the Ttottox of the full-sc=ls aircraft, the maxinua
velocitirs V5, for the wmodel tests must be of the order
of 4 to 5 maters per sercond. In our wedge tests at vari-
ous values of § the maxiwuun initial velocities before
inpact attained approxi.ately the value of 8 .sters per
sercond.

The test results obtained (table 1 and fig. 11)
indicats that for all valuess of w at suall velocitirs
VY, the test curves of V/V, against V, 1lie abtove the
therormstical curves (without the torus kV2 and g t-ken
intoc sccount) anc conversely for large vrlocitiers., With
inerrase in ther wass I of the body (corresponding to
a decrrasr in p) the deviation between the theory ancd
the trsts increasss (fig. 12,. Starting fro:: a value of
Vo of the order of 2 to 3 westers per sercond, a slight
changns in the ratio V/V0 with furth~r increase in the
initial velocity V., .ay br noted, This ccenfir:is what
was stated in section 2 with regard to thr theorrticel
considerations.

TABLE 1
Test wvalue,
Weight Associated Wt T 1 v * X
G ass W= = -v-"— =z ————— v~——
(kg) 1;'.=% pBgzilgz M ] 1+ b ]
(kg sec?/m)
13.6 4,76 3.43 0.226 .22
20 4.76 2.33 . 3 , 27
47 4,76 1.0 .5 .418
97.6 4,76 .468 .684 .59
o & e )
M= = nass of wedge.
28
g
**Values of V/V, for study portion of curve #L = £(V,).
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The values of p most ¢ften occurring in the landing
sf a seaplane fluctuate from. 0.3 to 1.5 and it is Just for
thrge valurs 0f @, accurding te the curve of figure 12,
that the deviation briwern the experimental andéd theoretical
valurs of V/V, is grestest (.f the order of 15 to 20 per—
cent). (A& certain ~ffect sn the test values of V/V, is
prsduced by the elasticity of the tested body.)

The problem to what extent the theoretical computa—
ticn may be made to approach more closely the test results
by taking account of the water resistance kV2 and the
weight of the body Mg in the equation ¢f motion now will
be considered, If it is assumed that from the start of
tha 4pmprct the zoticn ¢f the weldge satisfies the equation
for the idinersion of thé body

‘ r
L Al
at ) d
(for the initial conditions ¢t = C0; V = Vo, the velocity

befores impact). Then, having constructed the curves of

V ageinst t and knowirg, even approxinately, the dura—-
tion of the impact, it is possible tc determine the addi-
tional .druop in velocity during impact as a result of the
eaction of the forees Mg andéd kV2, On figure 13 curves
of V  against t are drawn for the initial velocity of
impact (immersion) V., = 5 meters per sccond and various
weleshts of the wedge G and velues of u, With the aid
of these curves it is posesibles to computs the velocity
rativ during impact with the adcditicnal drsp in velccity
taken into account. ’

‘As an example, Ict us essume an initial valocity be—
for> imvsact V, = 5 weters per second (for a wedge of
weight G = 20 Re), The theuretical velue of the ratio

fir the given case is $L = 0.3 (without the corrections)
and the veluocity after impect (theoretical) is then
V=5x 0,3 = 1.5 meters per second. Correction to this
value will be mede, account being taksn of the additional
drop in veloclity., Since the duration of the impact com—
puted by the formula '

/

2ho(1 + 52)

t = ip
nVJ
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fir the exampl> given is equal approximately to 00,0041
second, the érop in velucity cduring immersion must be
taken for the same time interval &t which from the

~

graphs gives AV 2 0.4 meter vper second. The velocity

~.after impact is therefore Vy; =V - A4V = 1,5 - C,4 =

1.1 mrtoers per se~cond, and the velocity ratic V./V, =
¢.24, .

As unsy be seen from the above exanple by taking inte
account the terims kV2 .and Mg, the thecreticrel values
of V/V»J are made to spprcach more closely the experi-—
mental values, It should ba pointed cut that the assumed
correction four the adéiticnal drop in velocity is some-—
what exagrgersted since, in the computation, it was
assumer’ that the wetted area of the wedee during the
entire time of inoersion reuwained constant and egual to
the maximunm value S;. and this led to & decrease in the
computed ratio V/V.. It shculd alsoc be ns*~d on the
basis <f the filu record analysis that eactually the
duration of the impact of the wedge is greater than fol-
lows from the computation. (Thus, for exaumple, for the
veloeity V, = 5 umeters per seconé the computed value of
At is 0.0041 second and the experimental 0.005 second.)
This fact serves as additional confirmation of the effect
¢f the resistance un the impact.

T investigate the effect of the V angle on the
imnpact velocities, three wedges were tested with the fol-

lewing data: length 1 = 500 mm; width B = 100 nmm; and
V angle B = 5%40'", 23%, and 307, (These dimensions corre—

spond to 1/3 scalr reduction.) The test results (fig.
14) shoew that with inerease in the V angle there is an
inerease in the velocity ratio V/V,, a fect which is
explainecd by the decrease in the associated mass for
greater V angles, as alsc follows from theoretical con—
sideraticns, (See reference 4.)

The test data and the corder of umagnitude of the

ceviation between the computed and test results are given
in table 2.

v v
Wedge | V angle | Weight, 7} ;— = ;l- — (experimental)
G 0 TRV,
(kg)
2 5°401 3.72 | 0.468 0.684 0.585
3 23° 3.723 .415 707 .66
4 309 3,72 .356 .718 .705
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The geneyal character of the three curves cof V/VO
egainst Vg4 1is analogous to the curve obtained in test-
ing wedge 1 and the disk. A c¢cnsiderable deviation of the
test curve from the theoretical is obtained for B =
53401, a fact which may be explaineéd by the large ~rffect
sf the water resistance kVR for bodies f small V angle
since the values ¢f Cp and S antering the cvefficient
k for the case under consideration are large. It may
be generally concluded, however, on the basis of figure
14, that for large angles (at given w), the effect of the
weigsht Mg and the resistance of the water kV2 is not
large. Thus, in susmary, it may be said that the results
sbtained previcusly on the fisk tests are confirmed fur
the wedge tesgts.

IMPACT ON WATER OF A SLOTTED WEDGs AND DISK WITH APERTURE

The associated mass cotefficient of two plates in
tandem (reference 22), (fig. 15) is less than the asso-—
ciated mass 2f a single plate having a wicdth equal tc the
sum of the widths of both plates, In other words,sa small
slot between the plates consideradbly decreases the ccef—
ficient of associated mass as compared with the value for

cne continuscus plate (with the relative slct width p* = 0),.

The associated mass ccefficient for two flat plates
in tandem is expressed by the firuaula

3

i1 2 E(k
A . =T =(bo—Db +a-—2 - ——— (a — 8 ) (b — b 82
¥ e 4( 2=bitaz—a,) Fx) 2 1 2 1)- (32)

r

(a,,b,,85,bp are the ciurdinates of the ends of the plate
(fiz, 16)) where Z(k) and F(k) are the ccmplete ellip~
tic integrals of the first aanfd the secund order and

k2 - (b;"'&c‘,\)(bl"?l)
(('."2 - al>(b2 - bl)

Setting
32"101 be—'ag
—————= = p*; ————= = q
bl‘—ﬂl bl"al

cgives
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q
(1 + p*)(p + q)

where
p* ratic of width ¢f slot to width of plate
a ratic of widths of plates

Fur the assgsociatrd mass coefficient there is obtained

Ky = u*(p,*q) EE (b, —ay)® + (vp - az)?] (33)
where )
(1+2p+q)2—4§§—1§% (L + p)(p + q)
w*(p,*) = : - (34)
1 + q2

The facter p* takes into secount the mutual action of
the plates,” For p* = 0 and q =1, the covefficient
BR* has a maximun value equal to 2. Figure 16 gives
curves of w* against p* for constant values of q.

The value of the asscciated mass for three plates in
tanden was computed by V. Shupansv (reference 22). (The
formulas fer the associated nass are given in the special
casa where the plates are symmetrical about the center
line 2f the middle plate (fig. 17).) The asscvciated mass
per unit length of the three plates is given by the for-—

wula —
s 2
no=opm| 2 (e® + v% — a®) - (¢® ~ 8®) —— (35)
2
where
2 2
¥2 = &5 = b7
c? — g%

By introduction of-the magnitude v*, &a nondimen—
sional cocefficient expressing the nutual effect cf the
plat~ss on one another, there is o¢btained the following
expresion for the associated mass m:
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- 2
n o= D* %;;aa + iﬁ_irhl_] (36)
J

For the case 2f slots brtween the plates the coeffi—
cient v*, and hence alsc the associated mass m, sharply
decrease. Figure 18 shsws the change in the coefficient

V* as a function of E—%—E and %. For %'= 1 — that

is, in the absence of slots — v*is equal to 3; for % = 0
and S_%_B.<< 1 ~ that is, for two widely secparated plates —
v £ 1,

The results cf the drop tests of a slotted wedge ©n
water are presented below., The slotted wedge was wmade
up of three plates separated 15 millimeters from one an—
-ther, The cover—all width of the slots constituted 10
percent of the width sf the wedge, The dimensiovns of the
wedgse were the folluwing (figss. 19 anc 20): length
L = 1.5 u; over—all width b = 0,3 =; cuter V angle B =
5Y940'; width of each part .tf wedge 90 mm; height of wedge
h = $6.015 a, The individual plates of the wedge (nade of
berch) were connected by means of an aluminunm plate of
5 millinmeters thickness, Over the slots in the uetal plate
round apertures cof 15 millimeters diameter wre cut sut,
svaced 5 millimeters fr.m each Lthar., In ite over—all
“dimensions the slctted wedge ccrresponded t- the previ-
~usly tested continucus wedge, a fact which, taken togerther
with the identical test wrights of both wedges made it
p-ssibl~ t» estimate the effect .f the slcts un the impact
veloecities, - _

With the aid .f formula (35) the asscciated mass of
the slotted wedge was cumputed and in the value cbtained
c.rrections were wade for the finiteness ¢f the span and

the ¥V anszle as in the cas~ of the continusus wedgr. The
ass"clated mass per unit length of the three plates is

E(Z k\
2 ’
I pT % (c® + v2 - 8R) - (¢® - g2) —= ___ZL

k® = 0,928; k = sin ¢ = 0.9607; ¢ = 73°441;

EI<Euk\ = 1.08662; F({ DL k)= 2.69314; % = 1.2734
2 / 2 1
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The corrected associated mass is

mE = mfl ts
where ‘
, = 0.98 the correction for the V angle
£, = 0.903 the correction for finite span
zp = 1.69

29

The test on the slotted wedge was conducted for two

weights G;= 12,52 ané Gp= 13.6 kilograns.

For these

welghts, according to the computed value of the associated
rass, the velocity ratio is given by the following figures

G, = 13.6 kg; G, = 12.52 kg

<

ng ng
= —= = 1‘22; = — = 1,3C9
H G B G
V.: V, vr V
7= —Io = 2 = 0,450 V_; Vo= -2 = 2
1+ 2.201 1+ 2,309

For the eontinuous wedge for the saune lusds the corre-—

sponding computation gives

V = 0.226 V, (for G 13.6 kg)

fi

v

0.212 V, (for G = 12.52 kg)

From the above results it is seasn that the velocity
ratio for th~ case of ther slotted wedge (with the slot
dimensions given abouve) is abuout twice as large as for

the continuous wedge,
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The test prccedure for tha two wedges was identical,
The minizmum tine intervals At fixed 2on the photographice
fila was equal to 0.0111 secund for G = 12.52 kilograus
and 0,016 secunéd for G = 13.6 kilogran,

The test results (fig. 21) sh:wed that the velocity
ratic V/V, for the slotted wedge was not actually
twice as large as fur the continuocus wedge, as was ob—
teined from the ccnputaticn. At large initial impact
velocities (V. from 3.6 to € n/sec) the value of the
veloeity ratio for the slotted wedge was greater than
that for the continuous wedge by approxirnately 10 per—
ceént, while at small initial velocities it was greater by
70 percent.

The obtained deviation between the computed velocity
values (according to Wagner) for the slotted wedge and the
test results may be explained cvidently by the fact that
with the method used n> accsunt was taken of the resigt—
ance of the water c¢n iamersion of the body which to a
large extent depends on the velocity.

As all cur previous impact tests have shown the
velocitieg before and after iupact are nct determined by

v
the ratioc -—— = T (aceurding to Waener)., In sther

L
words, although the assvciated mass for th~ slotted wedge
is half as large as that for the continuous wedge (accord—
ing to the theory), the velucity ratio does not beccme
twice as large because with fecreased associated masg
there is an increase in the velocity of immersion and
hence an increase in the resistance of the water kVe —
that 1s, an additional decrease in the velocity after
iapact and the ratio V/Vo. In fact, even a rough cor—
rection for the effect «f the water regsistance iamproves
the agreement between theory and experiment, As an ex—
anple, consider the case of impact of a slotted wedge
(cf weight G = 13.6 kg) with initial velocity V, =
5 neters per seconé. The velocity ratic, according to

. v 1
the formula —— = —Z—— for the given case is equal to
Vo 1 + 4

0.454; hence the velocity after impact is equal to
V=10,454 x 5 = 2,27 neters rer second, The correction
for the water resistance after an interval At = 0.005
second is, according to the curve (fig., 13, u = 1.203),
equal to AV = 0,95 meter per gecond, By application
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of thie correctiun a new value is obtained for the veloe—
ity after impact Vy; =V — AV = 2,27 - 0.95 = 1,32 meters
per second 2nd fecr the velocity ratio VQ/VO = 0.264.
hccording to the test value 5f V/V, for V, = 5 meters
per sec.nd is 0,227, Notwithstanding the rsugh assump-
tions made, it is evident from the exanple given thrat

the applied currections bring the theoretical computa-—
tions in closer agreement with the test results,

Fo,r additional checking of the resgults Jbtained with
the slotted wedge special tests were conducted to deter-
nmine the assuvciated mass of the wedge., The direct deter—
minetion of the asscciated mass is possible with the aid
:f the Pabst rnethod by which the asssciated mass can be
found from the uscillation period :f the body in the
water and in air. (See references 20 and 21.)

The test setup (fig. 22) was first checked by testing
sn it the continusus wedge for which an exact formula of

3 » 3 n
the associated mass is available (m = 5 p B2 | ). The

tested plate was of aluminum ¢f length 1=250 nmm; wicth
B = B0 nu; weight G = 126.8 g3 and thickness h = 3 .
The edges of the plate were rounled,

A comparison of the computed with the test results

rive he 2o owing igures: Y = 0,04 , I =
£ s t fo2llowing figures iy agt G,045 and mcomp

0.0454 (in the computed value a correction was applied
for the finits span). The results indicete go.d operation
uf the test setup,. ‘

The vslus .f the associated mass cof the slotted
platrs was checked for three m.dels. (See fig. 23.) All
plates were of the sams length | = 250 millimeters and
the sane over—all width B = 50 millimecters. (By over—all
width is meant the tutal width of two component plates
plus slot.) One of the plates had a slot of width 4
nillimeters (10 percent of the tcotal area), ancther 16,5
milliumetere (33.3 percent), and the third 1,2 nillineters
(2.4 percent), ‘

The results .f the tests with the slotted plates
(tebl~ 3) gave very guud agreenent with the test velues
«f the ass:ciated mass tbtained by the fornulas of L,
Sedsv (n = kyl). ‘ ‘
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TLBLE 2
TEST RESULTS FOR DETERMINATION OF ASSOCIATED MASS OF PLATES
e
Computed
Width Weight Assoclated associated
Plate of §lot | of plete nass, mnass, n
(nz) (=) ki sec? kg see®
' [ \ i}
1 0] 126,75 0.045 05,0454
2 1,2 89,2 .0254 .0R76
s 5 112.5 .0236 L0211
4 16.5 76.62 .010¢85 .01063
—_ —

Thus the ‘tests un the slotted wedges entirely con-—
firmed both the thecsretical prediction f a decrease of
the asscciated mass in the presence of a slst and the
assumption that the decrease in associated nass doses not
strongly affect the izmpnct velocity retisc caused by the
additicnal effect =2f the water resistance, It is thus seen
that the computation 5f the iupact bty the Wagner thecry
fsfg ntt correspond to the true e¢onditicns in a number of
cases,

In acdition t¢ the slcetted wedge tests there were
tested a sclid disk of diauwetsr D = 120 nillimeters
th- same cismeter disk with round aperture dizameter
26.4 millimeters (the area of the aperture being 5
percent of the tutal disk area)., The .dtained experimen—
tal value of the asscciazted mass for the solid disk
alnost agreed with the cunmputed value (n = 4/3 or?),
while for the disk with aperture, since no theoretical
value for its ass.ciated umess is available, a correspond-
ing comparison with experimental results could not be
nade, Judging, hcowever, by the results of the experi-
ments, it may be sgaid (table 4) that the presence of an
aparture of 5 percent of the disk area decreased the
associated mass by 23 percent.

alszy
an
Pl —_

{ =
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TABLE 4
R _
! Test value of Thecretical
Hie e 0o s A We g o ’
Object tested ﬂ;iﬁgt asscelated uiass value of
B g associated mass
[ kg sec? ™ rg_sec? )
m / 1 /
Digk « + + « 87 ~.,0580 0.0586
Disk with .
aperture . .! 82,5 0449

4 sinilar disk (totel Aismeter D = 500 mm; diam—
ator of eporture ¢ = 110 mm) also was tested dy the drop
method ceseribed. (Ses section 3.) The results of these
tests fidé not show any ccnsiderabls changes in the veloc—
ities before and after impact as compared with the solid
disk dnseribed in section 4. (See fis. 24.)

CONCLUSION

On the basis of the results obtained, the following
conclusiovuns wmay be drawn:

1. The lanéding on water of a freely falling body 1is
deternined by two nundinensional coefficients: namely,
the Froude number and the mass cuefficient. For the case
of a sraplane landing on water the 1lmpact phenomenon is
determined by only the wmass cuvefficient.

2, The results obtained in computing the impact by the
method of Wagner eive a disagrecment between the ccmputed
and the test results in a nuuber J.f cases. The added cor—
rection in the equation of nmotion for the weight ¢f the
body Mg, the hydrustatic forces 7YSh, ané the resistance
of the water kV® cuonsicerably improves the agreement of
the theoery with the test results., '

Z. in increase in the angle of a V shape (within the
ranee of 57 to 207%) consicderably decreases the velccelty
charge on ilmpact.

Translation by S. Reiss,
Yational Advisory Comnittee
for Aercnautics.
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t = 0.016 sec

t = 0.006 sec t = 0.176 sec

t = 0,288 sec

Figure l.- Pictures of drop of wedge on water.
Height of dropy H= 1 m.
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t = 0 t = 0.0119 sec

t = 0.0068 sec t = 0.1173 sec

t = 0.0085 sec t = 0,3975 sec

Figure 3.- Pictures of drop of disk on water.
Height of dropy H= 1 m.
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Figs. 3,5,6

Figure 3

)

Figuré S5.- Record of motion of body falling on water.
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Figure 6.- Typical diaeram of distance traversed by body
on water (obtained from film readings).
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Figure 4.— General view of wedge tested.

Figure 230
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Figs. 7,8,9
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Figure 7.- Experimental and theoretical curves

of ratio V/V, against V, obtained
in tests on disks of various weights.

At
Figure 8.- Curve of change
of velocity of
drop [V=f(t)]with and with- .
out the resistance of the
water (kVe) taken into
account.
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Ffigure Y.- Theoretical curves of velocity ratio V/Vo
against Vo (for the time interval At = 0.016
sec) with account taken of the various forces acting on

an immersed disk of weight ¢ = 15.A36

ke.






NACA Technical Memorandum No.l046 Figs. 10,11

Theoretical curve Vy=_'0=0,281 ¥
.6 1
o Test points (G=8,1 kg)
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Figure 10.- Theoretical curves of V/"Jo against Vo(for time interval At =
0.016 sec) with account taken of the various forces acting
on an immersed disk of weight G = 8.1 kz.

e T T I — Test curves
> | ic0. T.=0,68 O p=0,468
I ~o Theo. VO—O,6c€2 b o w=0, >
N T 5 ¢ “,:‘l ’ Oo
B e R = “he u=2,33
i P~ ~q1=0,468 ¢ 1=3,43
.0 | - k-‘~:(}.“_‘ocp.__._o.__.::;cf‘__o OSSR o0—
= -t + :
. o Theo. %r; =0,5
~ < e
-—r__ QY\QQ j e ’ ) u=1,00
ey T i
e [~ - {
e | | w3, A3 Theo. ‘7 =0,3
3= - ; =+ ‘<to~l~ i.,‘q [ o | 0
i 1 ol -—«b'ql-'h;» .r-T B e L o LS S &
vt TR AT et
. *\?‘ #‘P‘%Q:“E":&:V“"L” = i 7
-2 T B Theo. 7 =0,226
- - Vo
Ll BERE
0 1 2 3 4 5 5 7 8 9 vom/sec

Figure 1lil.- Experimental and theoretical curves of V/V0 against V, obtain
-~ed in testing a wedge for various values of .
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Figure 12.-~ Experimental ani theoretical curves of V/Vo against |, for
a wedge of angle B = 5040Q°,
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Figure 13.~ Curves of velocities of immersion of a wedge [V=f(tﬂ with
account taken of the resistance kV2 and the weight Mg.
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Figure 14.- Experimental and theoretical curves of V/V against V, for
wedges of various angles.
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Figure 21.- Experimental curves of V/VO against V,
obtained for continuous and slotted
wedges.
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Pigure 24,- Typerimental curves of V/VO arainst V5 obtained
for solid disizn and iisk with aperture.
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Figure 23.” Plates tested.
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